It is also noteworthy that the maximum phosphorylation potential that may be generated by the vesicles (approx. 53.8kJ/mol) (Kell et al., 1978~) was not altered when the rate of NADH oxidation was inhibited by up to 60 %. The corollary of this result is that if Ap is poised at equilibrium with the phosphorylation potential then, as the phosphorylation potential does not decline when NADH oxidation is inhibited, our finding that A p is not decreased on addition of rotenone is to be expected.
Bacillus pasteurii requires rather unusual growth conditions. It grows at alkaline pH (up to 10.5) and requires the presence of relatively high concentrations of ammonium salts. Although the growth of cells is optima1 at pH9.0, substrate oxidation byelectrontransport particles is ammonia-independent and maximal at pH7.5; this has been interpreted to mean that the matrix pH is maintained near neutrality during growth in alkaline medium (Wiley & Stokes, 1963) . Therein lies a chemiosmotic dilemma. In the equation
A p H + = AI// -ZApH using standard notation, the ApH is positive, thus for ApH+ to be, say, 240mV the AI// will have to be greater than that value by an amount equal and opposite to ZApH. Haddock & Cobley (1976) Tris, pH 9.0. Electron-transport particles were prepared by passing cells twice through a French pressure cell followed by differential centrifugation. Redox titrations were performed as described by Dutton (1971) . The pH gradient across thecell membrane was evaluated by studying the inhibition of oxygen uptake by azide as a function of the external pH. This technique has previously been used to estimate the internal pH of the acidophile Thiobacillus ferrooxidans (Ingledew et al., 1977) . It can be shown that (Ci)couF.lsd pH = log (Ci5O)no ApH where Ci50 is the concentration of azide required to inhibit oxygen uptake by 50%. The membrane potential (Aty) was estimated by following the transmembrane distribution of 86Rb+ (in the presence of valinomycin) or [3H]dibenzyldimethylammonium+ (DDA+) in the presence of tetraphenylboron.
The respiratory chain
Two cytochromes of the a-type were resolved by redox potentiometry of electrontransport particles (Fig. la) . Their midpoint potentials at pH7.0 were +140mV and +240mV, and the two components contributed equally to the spectral change at 600-620nm. A titration of the wavelength pair 552--537nm indicates the presence of c-type cytochromes with midpoint potentials of +130 and +240mV. The former component contributes 85 % of the spectral change. A b-type cytochrome with a midpoint potential of -10mV was also detected in electron-transport particles (not shown).
The results of a redox titration performed in the presence of CO are shown in Fig. 1 (b) . As is typical of cytochromes aa3, one of the components binds CO, increasing the apparent midpoint potential to beyond the range of our titrations (> +400mV). The remaining cytochrome a exhibits a midpoint potential of +225mV. The titration of 552-537nm indicates the presence of a CO-binding cytochrome c. The c-type component at +240mV is unaffected by the presence of CO. However, only 60% of the absorbance Redox titrations were performed in the absence (a) and presence (b) of CO. The degree of reduction of cytochrome c ( 0 , 0) was monitored by the absorbance change at 552-537nm, and cytochrome a (a, B) was measured at 600-620nm. change due to the fl20mV cytochrome c is apparent in the presence of CO. This indicates that the apparently single +120mV component observed in the absence of CO is a composite of two species, only one of which binds CO. The presence of a CO-binding c-type cytochrome is confirmed by difference spectra.
During the preparation of electron-transport particles it was noted that the soluble fraction contained a b-type cytochrome which bound CO exhibiting a typical cytochrome o (CO-binding 6-type) difference spectrum.
The proton electrochemical gradient Fig. 2(a) shows that when cells are suspended in growth media, ApH is small. At pH7 ApH is negative, at pH8 almost zero, and above pH 8 becomes increasingly positive, i.e. unfavourable in a chemiosmotic sense. Contrastingly when cells are suspended in phosphate buffer, ApH is significantly greater, so much so that it was not possible to obtain a point for pH 10 because the azide concentrations required were prohibitively high. It seems likely that the ammonia is needed to help regulate the internal pH with respect to the external. A high concentration of Tris ( 1 3 0 m~) may act as surrogate ammonium. Fig. 2(b) shows the variation of Av/, ApH and A p H + with pH for cells suspended in growth media. Despite an unfavourable ApH term at high external pH this is partially compensated by a concomitant rise in Av/. These trends are more dramatic with cells suspended in growth media lacking NH4+ ions, and especially in cells suspended in phosphate buffer (not shown).
Discussion
The cytochromes of B. pasteurii are not markedly different from those found in other bacilli, except in the inclusion of a CO-binding c-type (e.g. B. subtilis; Chaix & Petit, 1956). We have measured a ApH+ of 180mV (approx.) and in growth media a small ApH. These findings differ slightly from those of Guffanti et al. (1978) in B. alcalophih. We have used a novel method to measure ApH. Usually the distribution of methylamine is used; this method gave anomalous results possibly because B. pasteurii has a NH,+ porter which can also carry methylamine. Such a system has been suggested for Escherichia coli (Stevenson & Silver, 1977) . Vol. 6
